W ork-related musculoskeletal disorders (WRMSDs) are common in health care workers and entail considerable costs to employers and to society, as well as serious disability to individuals. The overall cost of occupational injury and illness in a developed country is estimated to be 2.5% of national income. 1 This includes the significant health care costs associated with WRMSDs. Within Europe, the health and social work sector has rates of musculoskeletal disorders 1.2 to 1.6 times higher than average. Female workers in the health and social care sector reported higher than average levels of musculoskeletal disorders, such as muscular pain at 24.8%, compared with female workers overall (20.8%) and both sexes combined (22.8%) across all sectors. 2 Research on WRMSDs in health care workers has focused on back injuries related to patient handling in nurses and care workers. 3 Only recently has more attention been given to work-related upper limb disorders (WRULDs) in health care workers. 4, 5 A specific group that warrants further attention in relation to WRULDs are those care workers who perform hand-intensive tasks as part of their work, including precision hand and wrist movements, and repetitive hand motions while applying force and sustaining awkward postures (eg, physical therapists, sonographers, and massage therapists). 6 Much research evidence supports the contribution of these physical work factors to the onset of WRULDs. 7 Historically, studies were conducted with occupations in manufacturing (eg, assembly workers) and those engaged in repetitive computer work. 8, 9 In addition to physical work exposures, a growing body of research identified psychosocial and work organization factors, such as high demands, low control, lack of social support, and lack of influence, as relevant in the etiology of WRULDs. 10, 11 Models of good practice in health and safety for the prevention of WRULDs are relevant. They exist for specific groups (eg, for machine operators and workers using video display units); however, to what extent their principles are applicable to health care workers is uncertain. The HITS (Hand-Intensive Tasks & Safety) study aimed to create a scientific evidence base to inform health and safety practice and policy for effective prevention of WRULDs in hand-intensive health care occupations. 12 Chartered physiotherapists, physical therapists, and athletic therapists were chosen as typical hand-intensive occupations in different care settings. Studies conducted with therapists revealed high rates of WRMSDs, especially low back injuries, [13] [14] [15] and increased odds of low back pain across all demographic strata when compared with the general working population. Therapists were nearly 5 times more likely to suffer from low back pain than the national working population.
Although the titles "physiotherapist" and "physical therapist" are internationally used interchangeably, these have historically been organized as 2 distinct professions in Ireland (Tab. 1). Chartered physiotherapists graduate from a 4-year bachelor's degree program. They commonly work in a wide range of specialties, areas, and public and private settings. At the time of the study, physical therapists were mainly self-employed and engaged in musculoskeletal therapy with emphasis on manual therapeutic interventions. Those qualifying with the Institute of Physical Therapy and Applied Science completed a 3-year bachelor's degree in applied health science. Recent changes by the Irish Minister for Health permit only those with registration through the Physiotherapists Registration Board to use the professional titles of "physiotherapist" and "physical therapist" after a transitional period until October 1, 2018. Athletic therapists qualify from a 4-year university course and specialize in the prevention, assessment, treatment, and rehabilitation of musculoskeletal injuries in people who are physically active.
The purpose of this study was to focus on the common features relevant to WRULDs and not to compare UL symptoms between the different job titles. Although therapists work in a wide range of settings and receive different types of training, they daily share exposure to common physical risk factors for WRULDs. Techniques such as manual traction, joint and soft tissue mobilization, and rehabilitative massage involve application of high levels of force, sustained awkward postures, and/or repetitive precision movement. 6 This is ironic given that therapists treat clients with musculoskeletal disorders and also have specialist knowledge of body mechanics and injury prevention. There is some evidence of a perception among health care workers that injury is "part of the job," often leading to premature retirement and career change. 17 There is growing evidence of high prevalence of WRULDs in these occupations. 16, 18, 19 However, the generalizability of findings and comparability of the prevalence estimates across studies are limited by the use of different methods to measure WRULDs. Other limitations include nonrepresentative sampling or small sample size, 20, 21, 2223 a focus on therapists employed in specific settings such as hospitals and rehabilitation centers, 24, 25, 26 and a focus on subgroups such as graduates from a particular university, 27 on very experienced therapists, 28 or on injury in a specific body site (eg, thumbs). 29, 30, 31 Comprehensive studies with representative regional or national samples including employed and self-employed therapists in all practice areas are scarce. 13, 14, 16 Generally, the prevalence of musculoskeletal conditions is high across studies; for example, Cromie et al 32 reported that 82% of therapists were affected by musculoskeletal symptoms in at least 1 body site including the back and upper limbs in the preceding year. One in 6 physical therapists moved within or left the profession as a result of WRMSDs. Glover 33 estimated the 12-month prevalence of work-related musculoskeletal disorders in United Kingdom therapists at 58%, and at 42% with musculoskeletal symptoms that lasted for more than 3 days.
The work-relatedness of ULDs has been difficult to show, and studies commonly do not adjust for non-work-related injuries. International research suggests that the first onset of ULDs happens during or shortly after training within the first 5 years of work, which indicates the work-relatedness of the ULDs. 13, 34, 35 Additional research with therapists whose career spanned >20 years suggests that some injuries can appear later in their career due to cumulative injury. 28 Previous findings concerning the first episodes of symptoms are limited due to samples containing few therapists having careers >5 years and due to investigation of the first onset of the worst injury without specification of the affected body site. 14, 24, 33 The objectives of this study were: (1) to estimate the prevalence of a range of UL symptoms and clinically diagnosed UL conditions in Irish physiotherapists, physical therapists, and athletic therapists with adjustment for previous leisure time injuries; (2) to examine the prevalence of incapacitating symptoms by sociodemographic features and work type; and (3) to ascertain the first onset of symptoms specific to UL body sites by career stage. We have previously published initial findings from the HITS study in a summary report mainly targeted at health and safety professionals; 12 here we present refined, in-depth analyses including adjusted prevalence estimates.
Methods

Sampling and Response
The purpose was to obtain representative samples of currently practicing Irish physical therapists, athletic therapists, and chartered physiotherapists. Sampling is described in full detail elsewhere. 12 The sample size was selected to be able to estimate the prevalence of less commonly affected body sites with sufficient precision and with a power of 90%. Our final sample size of 347 had sufficient statistical power to detect a prevalence of 10% with 2% precision.
An overview of the sampling is provided in Figure 1 . The sampling of physical therapists was completed through 2 databases. The database of the Institute of Physical Therapy and Applied Science, which contains all physical therapists who had graduated from the Institute since 1990, was used and compared with the membership list of the Irish Association of Physical Therapists, the professional body representing currently practicing physical therapists in Ireland.
Athletic therapists were sampled from the membership list of the newly established Athletic Rehabilitation Therapy Certified organization. In total, 199 physical therapists and 18 athletic therapists formed the study populations for sampling.
Chartered physiotherapists were sampled from 2 different populations: chartered physiotherapists in private practice and chartered physiotherapists employed in hospitals. The study population of physiotherapists working in private practice (n = 383) was established by the Ireland's Chartered Physiotherapists online directory, 36 which was cross-checked to a second database, the Chartered Physiotherapists in Private Practice database, which was available on the Irish Society of Chartered Physiotherapists website. The random selection of 250 physiotherapists was achieved by developing a list and choosing every tenth, eighth, sixth, fourth, and third individual on the list, and excluding any participant already chosen in the previous selection.
For the sampling of physiotherapists in private and public hospitals, 1-stage proportionate cluster sampling was used. Twenty-six hospitals were selected based on bed capacity to ensure representation of physiotherapists working in differently sized hospitals, reflecting approximately the proportionate distribution of different hospital sizes in Work-Related Upper Limb Symptoms: Health and Safety Ireland. All physiotherapists working in each selected hospital were chosen. This resulted in a study population of 226 hospital-based chartered physiotherapists.
Sample
The final sample size was 347 after exclusion of currently nonpracticing therapists. It included 141 physical therapists and athletic therapists (73% response rate), 135 chartered physiotherapists in private practice (54% response rate), and 71 hospital-based chartered physiotherapists (31% response rate). The sample was predominantly female (67%) and had an age range of 23 to 72 years. 35 The majority of respondents were working in musculoskeletal outpatient settings (77.2%) (eg, in private practice, at the home of the client, or in community care). Orthopedics (23.8%), women's and men's health (14.5%),
Work-Related Upper Limb Symptoms: Health and Safety
elderly care (13.3%), and neurology (11.4%) were other major disciplines (multiple responses possible). A considerable number of therapists (n = 106; 30.5%) reported musculoskeletal leisure time injuries. Due to the differences in sampling methods and response rates, the prevalence estimates are presented separately for the different groups.
Procedures
Data collection took place from April 2011 to January 2012. Self-completed questionnaires, together with a stamped return envelope, were mailed, followed by a reminder mail approximately 3 weeks later. Nondelivered mail was re-sent using a new address, if possible. The questionnaires for hospital-based physiotherapists were distributed through the local physiotherapy managers, and completed questionnaires were directly sent back to the study office.
Ethical approval was received from the Clinical Research Ethics Committee of the Cork Teaching Hospitals, Cork, Ireland. Informed consent was sought from all participants.
Questionnaire
The questionnaire included sociodemographic features, including work history; physical, ergonomic, work organization, and psychosocial work factors; lifestyle, coping, health, and safety practices; risk assessment; and training.
Respondents were asked whether they had had any work-related musculoskeletal symptoms in the past 12 mo that lasted longer than 3 days. The Nordic questionnaire 37 was used with questions addressing "trouble such as ache, pain, discomfort, or numbness" in shoulders, elbows, wrists, fingers, thumbs, or neck in the past 7 days and 12 months, and whether symptoms experienced in the past 12 months were incapacitating, "preventing from carrying out normal activities (job, housework, hobbies)." Respondents had to indicate whether they experienced the trouble on the "right," "left," or "both" or "not" for each anatomical site. Answers were coded as "not present" and "present" for each site. Those who reported that they had had any work-related musculoskeletal symptoms (including UL and back) in the past 12 months that lasted longer than 3 days and who reported at least 1 UL symptom in the past 12 months were classified as individuals with UL symptoms lasting longer than 3 days. Additionally, respondents were asked to indicate the first onset of symptoms specified by UL anatomical region with the response categories "before training as a therapist," "as a therapist student," "in the first 5 years after graduation," "5-10 years after graduation," "11-15 years after graduation," "more than 15 years after graduation," and "don't know."
Clinically diagnosed WRULDs were assessed by self-report and included overuse syndrome, tendonitis, de Quervain disease of the wrist, shoulder capsulitis, shoulder tendonitis, lateral epicondylitis, medial epicondylitis, de Quervain thumb, and muscle tension. This classification followed the consensus document on WRULDs 38 with a few added common conditions. Respondents were also asked whether they "have back, neck, arm or hand injury as a result of an accident during leisure time activities."
Data Analysis
Data analysis used the Statistical Package for Social Science (SPSS) version 22 (IBM Corporation, New York). Prevalence estimates with 95% CIs were computed. The Pearson χ 2 test and, if appropriate, χ 2 test for trend were applied in cross-tabulations of UL symptoms with demographic and work variables. To estimate adjusted prevalence, a general linear model with a binominal function and a log link using robust variance estimation was applied to control for previous leisure time injuries. In all inferential analyses, P values below .05 were considered statistically significant.
Role of the Funding Source
The funding source (Institution of Occupational Safety and Health) had no role in the design and execution of the study, in the analyses and interpretation of the data, or in the decision to submit results.
Results
Prevalence of UL Symptoms
The proportions of UL symptoms after adjustment for previous leisure time injuries were high (Tab. 2): 78.1% (95% CI = 71.4-85.2) reported symptoms in at least 1 site within the last 12 months; 54% (95% CI = 44.4-57.3) had symptoms in the past 7 days; 53.8% (95% CI = 43.2-56.3) reported work-related symptoms that lasted for more than 3 days; and 21.5% (95% CI = 16.4-27.0) had incapacitating symptoms that were so severe that they interfered with normal activities at work, home, or leisure. As reported earlier, 35 the unadjusted prevalence rates were slightly higher and are also shown in Table 2 for comparison.
Affected Anatomical Areas
The most affected body sites for annual prevalence were shoulder (53.2%, 95% CI = 47.9-58.7), neck (49.4%, 95% CI = 44.2-55.0), and thumbs (46.1%, 95% CI = 40.7-51.5) (Fig. 2) . Neck (10.8%), shoulder (10.5%), and wrist (7.9%) symptoms contributed to most of the incapacitating conditions. Multisite symptoms were common, with 24.2% reporting symptoms in 3 or more anatomical sites.
Clinically Diagnosed UL Disorders
At least 1 lifetime UL clinical diagnosis was reported by 28.2% of participants, with the most common diagnoses being shoulder tendonitis (12.5%, 95% CI = 8.4-15.3), overuse syndrome (11.8%, 95% CI = 8.4-15.3), lateral epicondylitis (9.7%, 95% CI = 6.6-13.0), tendonitis (5.9%, 95% CI = 3.4-8.4), de Quervain thumb (3.3%, 95% CI = 
Incapacitating UL Symptoms by Sociodemographic and Work Variables
To test for statistically significant differences of incapacitating UL symptoms by sociodemographic and basic work variables, Pearson χ 2 tests and, in the case of ordered variables (age, practice years, hours of manual therapy), a χ 2 test for linear trend were also conducted to examine whether UL symptoms linearly increased or decreased by age, practice years, and hours of manual therapy (Tab. 3). Although not significant, women had a tendency to report more incapacitating symptoms (P = .07), mainly neck symptoms (P = .06) (Tab. 3). A significant linear increase by age was evident for incapacitating elbow and shoulder symptoms. Practice years were associated with any incapacitating symptoms in a nonlinear fashion, with senior therapists (working >15 years) and junior therapists (working <5 years) having the highest rates (32.3% and 23.5%, respectively). Incapacitating neck and shoulder symptoms accounted for most of this association. We found a nonlinear significant association between hours of manual therapy and incapacitating finger symptoms. Hospital-based therapists had a significantly higher prevalence of incapacitating UL symptoms than therapists working in other settings (35.7% vs 23.3%), mainly due to higher proportions of incapacitating shoulder and neck symptoms.
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First Onset of Symptoms
Figure 3 (top) shows the first occurrence of symptoms in those who reported symptoms in a particular anatomical site. For all sites, except neck, most therapists experienced the first onset later in their careers (>5 years after graduation). However, considerable proportions also reported onset in the first 5 years after graduation or even earlier while training. For example, of those with elbow symptoms in the past 12 months, 56% experienced the first episode of those symptoms >5 years after graduation, 38% ≤5 years after graduation, and 2% during training.
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Figure 3.
Onset of upper limb symptoms by anatomical site (percent of those who experienced the particular symptom in the past 12 mo). (Top) Onset of upper limb symptoms by anatomical site in the entire sample (N = 347). Proportions are based on different sample sizes (those who reported symptoms in particular body part): shoulder n = 113, neck n = 125, elbows n = 59, wrists n = 93, fingers n = 75, thumbs n = 135. Reproduced with permission from the Institution of Occupational Safety and Health. 12 (Bottom) Onset of upper limb symptoms by anatomical site in therapists working for more than 10 y in their profession (N = 163). Proportions are based on different sample sizes (those who reported symptoms in a particular body part): shoulder n = 57, neck n = 70, elbows n = 32, wrists n = 47, fingers n = 40, thumbs n = 69.
The later onset was also pronounced for fingers, with 46% of therapists experiencing these symptoms >5 years after graduation. Any interpretation of these findings must consider that 25.4% of the therapists had practiced <5 years. Figure 3 (bottom) shows the first onset for therapists with >10 years practice (n = 163). This analysis supported the later career onset of symptoms, especially for the extremities, with >80% experiencing the first onset of elbow symptoms >5 years after graduation.
Discussion Principal Findings
UL symptom prevalence was consistently high across the different therapist groups and across a range of UL symptom measures indicative of differing grades of problem severity. There was considerable annual prevalence of symptoms lasting >3 days (49.3% adjusted) and of incapacitating symptoms (21.0% adjusted). Both
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measures indicated more serious conditions than captured by the 7-day and 12-month morbidity measures.
When compared with data of the representative national Irish adult working population across different occupations, the 12-month prevalences of shoulder (53.2%) and neck symptoms (49.4%) found in the therapists of our study were clearly high. By comparison, 8.2% of Irish workers overall reported pains in the shoulders and neck and <5% reported UL pain. 2 Incapacitating symptoms are of particular relevance for occupational health and safety as they interfere with work. Hospital-based therapists had the highest proportions of incapacitating symptoms although they were engaged in less hours of manual therapy compared with non-hospital-based therapists, suggesting additional risk factors such as work organizational and psychosocial factors. Possible explanations include the higher level of exposure to physically impaired patients with more acute and more extensive injuries than those presenting in an ambulatory setting. Research contrasting hospital-based and non-hospital-based physical therapists in relation to UL symptoms is scarce, except for a study that showed a higher prevalence of back and some UL symptoms in hospital-based therapists. 39 The nonlinear relationship of incapacitating symptoms with age indicates that both junior and senior therapists are at particular risk. This corresponds with our finding of an early and late onset of symptoms. Women reported significantly more incapacitating neck and shoulder problems, corresponding to the findings of other studies with therapists. 13, 24, 39 
Strengths and Weaknesses
A strength of the study was the inclusion of self-employed therapists, thereby contributing to the scarce evidence on occupational health for the self-employed. 16 Self-employed physiotherapists showed generally higher rates of UL symptoms compared with their employed counterparts with the exception of incapacitating symptoms. This pattern of results warrants further research into the work-related determinants of musculoskeletal health in self-employed therapists.
A representative sample of a population is necessary for meaningful prevalence estimates. We feel confident that our samples were representative of physical and athletic therapists and self-employed chartered physiotherapists, with excellent to good response. However, the response in hospital-based physiotherapists was low (31%), potentially systematically biased, and the sample cannot be viewed as representative of Irish hospital-based physiotherapists. A contributing factor might have been the ongoing negotiations with the Irish Minister for Health about the titles "physiotherapist" and "physical therapist." It is unclear whether the selection bias potentially inflated or deflated the estimates.
We accounted for a major source of non-work-related injuries by adjusting the estimates for previous musculoskeletal leisure time injuries, thereby accounting for the multifactorial etiology and aggravation of ULDs with contributing work-related and non-work-related factors. 40 These adjusted estimates possibly constituted a more accurate measure of work-related UL symptoms than the unadjusted measures.
Recall bias was potentially introduced by the retrospective self-reports for UL symptoms. However, the Nordic questionnaire is a widely used reliable tool and is considered a valid screening instrument predictive of clinically diagnosed musculoskeletal disorders. 41, 42 In addition, self-reports as compared with medically assessed conditions can have advantages as they allow the assessment of symptoms that span different medical conditions. 43 Although it would have been preferable to complement the self-reports with physical examinations, this was not possible; however, self-reported clinical diagnoses were ascertained. Given the study population's professional knowledge of musculoskeletal conditions and understanding of the medical terminology used in the questionnaire, it can be assumed that the self-reports formed a fairly reliable estimate of clinically diagnosed disorders.
Important Differences
Our findings of the first onset of symptoms complement the findings of other studies with physiotherapists that showed mainly early onset of musculoskeletal problems. 13, 17, 24 In contrast to other studies, our research differentiated anatomical sites involved in the first episode and also included analyses stratified by seniority to account for therapists at the early stage of their career. Our results suggested that the timing of the first onset can vary by anatomical site, possibly due to differences in the etiology and injury mechanism of WRULDs specific to anatomical sites.
In contrast to other research, 17, 24, 44 our study did not show a linear association between hours engaged in manual therapy-a proxy for physical workload-and UL incapacitating symptoms, potentially due to our sample having a large proportion of self-employed therapists. Self-employed therapists commonly have schedule flexibility and could have reduced their hours of manual therapy as a result of pain.
Implications for Clinicians and Policy Makers
The high prevalence of UL symptoms in therapists across all demographic strata and work types and across measures of different severity is alarming and warrants further attention to this high-risk occupational grouping. Hospital-based therapists showed particularly high rates and could require a primary focus in the prevention of incapacitating symptoms. Prevalence was high at all career phases; however, a career-specific pattern of the first onset
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by body site emerged, pointing toward career-specific prevention. It has been recommended that injury prevention and health and safety training should start during training, and our findings point in the same direction. 45, 46 The results also suggest that continuing professional education at a later career stage could be beneficial to prevent late-onset injuries. 47 Currently, comprehensive health and safety guidance on the prevention of WRULDs is not available. It would provide not only physiotherapists but also other health care occupations involved in hand-intensive tasks with guidance on specific risk assessment, 17 preventive work design, 26, 27 self-care awareness, and injury prevention, with consideration of manual therapy techniques used. 48, 49 Injury prevention and awareness training could be particularly relevant in the context of a culture of reluctance to address to health and safety risks. Qualitative research suggests that physiotherapists do not expect to be affected by injury due to their expert knowledge of body mechanics. 32 This culture could result in "survivor bias," with injured therapists moving out of the profession or discipline.
14,17,39
Unanswered Questions
Physical, ergonomic, organizational, and psychosocial work exposures as determinants of WRULDs were not addressed and will be investigated in forthcoming publications of the HITS study to inform ergonomic and work organizational design to improve occupational health and safety for these occupations.
In line with other occupational health research, female therapists had higher proportions of incapacitating shoulder and neck symptoms. 50, 51 This warrants further research to explain this universal phenomenon across occupations, which was not due to sociodemographic factors or differences in physical work factors. 50 Our measurement of the hours engaged in manual therapy was crude. Techniques and associated physical exposures vary between specialties, and the load imposed by different levels of active mobilization, manipulation, and massage therapies requires further specific investigation. 52 Our results on the first onset of symptoms raised the interesting question of injury trajectories, which could vary by specific anatomical sites in relation to exposure time before injury occurs. Currently, to the best of our knowledge, there are only 2 follow-up studies with physiotherapists, 1 study in hospital settings to determine the onset of spinal disorders only, 15 and another study to determine the 1-year incidence of a range of upper limb and spinal symptoms. 53 Additional longitudinal studies are needed to confirm work-relatedness of symptoms and trajectories of injury onset and progression across career stages, with investigation of work risk factors to inform effective and specific education and training to tackle symptoms early and to prevent WRULDs.
